The effects of fish predation on zooplankton communities are well documented, but relatively little is known about how predation structures the genetic composition of individual populations. This study illustrates how a perturbation in the timing and strength of predation by rainbow trout directly and indirectly altered the genetic composition of a Daphnia pulicaria population in a Minnesota (USA) lake. Trout were stocked in autumn in the first 2 years of the study and in spring in the second 2 years. In autumn stocking years, predation was highest over winter and in spring but relatively low during summer stratification. In contrast, in spring stocking years, predation was low over winter and high during summer stratification. In all years, the Daphnia population became genetically differentiated with respect to depth, as summer stratification became more pronounced. In addition, allozyme analyses of trout stomach contents revealed selective predation on Daphnia in the metalimnion. In spring stocking years, when trout were abundant during the summer, this directly caused a shift in the dominant clone type from a metalimnetic to a hypolimnetic specialist. The fisheries manipulation indirectly affected the genetic composition of the Daphnia population by altering the importance of recruitment from diapausing embryos in the sediment (the egg bank). In autumn stocking years, when the over-wintering population was small, genotype frequencies in early summer indicated the recent emergence of sexually derived individuals from the egg bank. Conversely, in spring stocking years when over-wintering populations of Daphnia were large, no emergence events were detected.
The effects of fish predation on zooplankton communities are well documented, but relatively little is known about how predation structures the genetic composition of individual populations. This study illustrates how a perturbation in the timing and strength of predation by rainbow trout directly and indirectly altered the genetic composition of a Daphnia pulicaria population in a Minnesota (USA) lake. Trout were stocked in autumn in the first 2 years of the study and in spring in the second 2 years. In autumn stocking years, predation was highest over winter and in spring but relatively low during summer stratification. In contrast, in spring stocking years, predation was low over winter and high during summer stratification. In all years, the Daphnia population became genetically differentiated with respect to depth, as summer stratification became more pronounced. In addition, allozyme analyses of trout stomach contents revealed selective predation on Daphnia in the metalimnion. In spring stocking years, when trout were abundant during the summer, this directly caused a shift in the dominant clone type from a metalimnetic to a hypolimnetic specialist. The fisheries manipulation indirectly affected the genetic composition of the Daphnia population by altering the importance of recruitment from diapausing embryos in the sediment (the egg bank). In autumn stocking years, when the over-wintering population was small, genotype frequencies in early summer indicated the recent emergence of sexually derived individuals from the egg bank. Conversely, in spring stocking years when over-wintering populations of Daphnia were large, no emergence events were detected.
I N T R O D U C T I O N
The genetic diversity of cyclically parthenogenetic Daphnia populations is controlled by selection acting on clones in the water column and the periodic recruitment of sexually derived individuals from resting embryos. In contrast to populations in temporary habitats (e.g. ephemeral ponds) that become established each year from ephippial embryos, populations in permanent habitats (e.g. deep lakes) may persist throughout the year in the water column, and the pattern of alternation between parthenogenesis and sexual reproduction is unpredictable (e.g. Hebert, 1974a; Lynch, 1983) . This is relevant because the degree to which populations switch between reproductive modes can dramatically affect their evolutionary dynamics. Frequent sexual recombination events that introduce novel genotypes should promote genetic diversity, whereas protracted periods of asexual reproduction and clonal competition are expected to decrease diversity and eliminate all but one or a few of the bestadapted clones.
Contrary to this expectation, however, studies of exclusively parthenogenetic populations from various taxa commonly find many coexisting clones (e.g. Hebert, 1978 in Daphnia; Jaenike et al., 1980 in Octalasion earthworms; Fox et al., 1996 in Potamopyrus snails; Weeks and Hoffmann, 1998 in Penthaleus mites). Differential selection in space and time as a result of environmental heterogeneity is thought to promote and maintain clonal diversity and to prevent competitive exclusion from occurring (Hebert and Crease, 1980; Bell, 1982; Vrijenhoek, 1984) . The notion that environmental heterogeneity promotes clonal coexistence is supported by several studies that have documented spatial and temporal habitat partitioning by Daphnia clones (Weider, 1984 (Weider, , 1985 Carvahlo and Crisp, 1987a; Jacobs, 1990; Muller and Seitz, 1993; Geedy et al., 1996; Tessier and Leibold, 1997) . Mechanisms proposed to control habitat partitioning include differential tolerances to environmental factors such as temperature (Carvahlo and Crisp, 1987b) , oxygen (Ross et al., 1996) or salinity (Weider and Hebert, 1987) .
A Daphnia population comprised of parthenogenetically reproducing clones is analogous to a zooplankton community comprised of different species. Therefore, ecological forces that structure zooplankton communities should also influence the clonal composition of Daphnia populations. Predation is one of these forces, and the effect of predation by fish on zooplankton is well known. Most zooplanktivorous fish are visual predators that selectively feed on conspicuous prey (e.g. Brooks and Dodson, 1965) . The most obvious targets are usually the largest zooplankters, but other factors such as pigmentation and depth selection (vertical migration behavior) can be important. Field studies have illustrated different vertical migration strategies among clones (Weider, 1984; Stirling et al., 1990; Muller and Seitz, 1993; , and support for field observations has been provided by laboratory experiments. Studies have demonstrated differences among clones in (i) phototactic behavior (Dumont et al., 1985) , (ii) phototactic response in the presence and absence of predator kairomones (De Meester, 1993a; De Meester and Cousyn, 1997) and (iii) the ability to produce hemoglobin and tolerate low oxygen concentrations (Weider and Lampert, 1985) . Tolerance to hypoxia enables Daphnia to find refuge from predators in deep-water during stratified periods.
Although studies have shown within-population variation in traits that should be advantageous when predator levels are high (e.g. negative phototaxis and tolerance to hypoxia), few studies have directly evaluated how predation affects the genetic composition of individual populations (exceptions: Tessier et al., 1992; Pijankowska et al., 1993) . In aquarium experiments, Pijankowska et al. (Pijankowska et al., 1993) demonstrated that predators preferentially feeding on positively phototactic Daphnia magna can change the clone frequencies of mixed cultures over time. Tessier et al. (Tessier et al., 1992) documented body-size selection and a reduction in genetic variability in a Daphnia galeata mendotae population in a lake with abundant vertebrate predators. Although this study clearly showed significant genetic changes in the Daphnia population over the summer, it did not provide direct evidence that fish predation caused the observed changes.
This study examines how fish predation changed the genetic composition of a Daphnia pulicaria population in a lake (Long Lake) in northwestern Minnesota, USA (47817 0 N, 95817 0 W). Long Lake is single-basin, deep (mean depth = 13 m), dimictic lake that is classified as mesotrophic to oligotrophic and is quite clear (average summer secchi transparency 4-6 m; Hembre and Megard, 2005) . The clear water allows light to penetrate below the mixed layer and stimulate photosynthesis, and this usually causes oxygen concentrations to be highest in the metalimnion during summer stratification. The cold, well-oxygenated metalimnion provides a suitable habitat (<218C, >5 mg L -1 O 2 ; Wang et al., 1996) for the zooplanktivorous rainbow trout (Oncorhynchus mykiss) which have been stocked annually since 1961 by the Minnesota Department of Natural Resources (MDNR). Rainbow trout require streams with current-washed gravel to spawn, and since such streams are not available to the trout in Long Lake, natural reproduction does not affect trout abundance. Instead, trout abundance is determined by the number of fish that are stocked, natural mortality and mortality due to angling. Although other planktivores such as yellow perch (Perca flavescens), bluegill (Lepomis macrochirus) and pumpkinseed (Lepomis gibbosus) sunfish, and minnow species (Cyprinidae) are present in Long Lake (MDNR fish survey 2001, unpublished data), the annual addition of rainbow trout increases predation on Daphnia in the pelagic zone above normal limits.
For the first 2 years of this study , trout were stocked the preceding autumn as fingerlings. Trout were not added to the lake in the autumn of 1997. Instead, for the next 2 years (1998-99), they were stocked in the spring soon after ice-out. The same number of fish (14 500 total 218 ha -1 ) was stocked each year. Although the stocking rate was the same for all years, the change from autumn to spring stocking altered the predation regime experienced by Daphnia. In years of autumn stocking, the most severe predation by trout occurred during the winter. After spring stocking, trout predation was most intense during the spring and summer (Hembre and Megard, 2005) .
Objectives and expectations
This study had three primary objectives. First, we investigated whether environmental heterogeneity promoted habitat partitioning among Daphnia clones with respect to depth. Second, the effect of rainbow trout predation on the demography and clonal composition of the Daphnia population was evaluated. Because rainbow trout are planktivorous, size-selective predators (Galbraith, 1967; Geist et al., 1993; Wang et al., 1996; Hembre and Megard, 2005 ) that require cold water (<218C) and high oxygen concentrations (>5 mg L -1 ), we expected them to selectively prey on clones at depths within the bounds of their habitat (i.e. the metalimnion) and thus give a selective advantage to clones inhabiting the darker, less oxygenated waters of the hypolimnion when trout were abundant. Lastly, we aimed to determine when and if recruitment from ephippia significantly affects the genetic composition of the population by monitoring genotype frequencies and comparing them to HardyWeinberg (HW) equilibrium expectations. Agreement with HW expectations is an indicator of the recent recruitment of sexually derived individuals from the egg bank (e.g. Hebert, 1974b; .
M E T H O D Acoustic estimates of Daphnia and trout abundance
Population sizes of D. pulicaria and rainbow trout were estimated acoustically using a customized sonar system (Megard et al., 1997; Hembre and Megard, 2003 ) that consists of a Lowrance X-16 high-frequency (192 kHz) single-beam echosounder connected to an IBM personal computer. The system software transforms digitized echo strengths to volume backscattering strengths and displays them instantaneously on a computer monitor as color echograms. Methods for estimating the abundance of Daphnia and rainbow trout in Long Lake that are summarized below are described in greater detail elsewhere (Hembre and Megard, 2003, 2005) .
To evaluate zooplankton distribution and abundance, a narrow beam (48 half angle) transducer was directed vertically from the bow of the boat, and acoustic data were collected during daylight (1100-1700 h local time) while traveling at about 5 km h -1 along a transect of the lake's long axis from the southeast to the northwest end of the lake. Daphnia pulicaria is the largest zooplankter in the lake, and a previous study (Hembre and Megard, 2003) showed that their abundance is a significant predictor of volume backscattering strength at depths where they occur. The mean target strength of an adult D. pulicaria was determined to be -120 dB. Acoustic estimates of Daphnia population densities were calculated by dividing mean volume scattering strengths in depth increments inhabited by Daphnia by the target strength.
Data from the acoustic transects were also used to estimate rainbow trout abundance. Weaker echoes (<-60 dB) from zooplankton were excluded, and fish echoes from depths within the trout habitat were counted. Echoes detected at different depths were standardized using a 'range-weighted' approach (Yule, 2000) that accounts for the increased volume of water insonified as the acoustic beam spreads.
Environmental and biotic sampling
We sampled Long Lake approximately monthly during the open-water seasons of 1996-99, and once in 2000 (17 May) at a deep (24 m) location in the middle of the lake. Temperature and oxygen were measured at 1 m intervals using a YSI Model 58 meter. Zooplankton aggregations were located with the sonar system and collected from discrete depth increments with vertical tows of a closing Wisconsin-style plankton net (27 cm diameter, 130 mm mesh). The bucket of the net was fitted with a 130-mm filter to collect samples for calibrating the sonar (Hembre and Megard, 2003) . A coarser filter (800 mm) was used to selectively retain the larger-bodied D. pulicaria for genetic analyses. On most dates, we obtained three samples for genetic analyses: (i) a vertical tow of the entire water column, (ii) a sample from deep water (usually the hypolimnion) and (iii) a sample from shallower water (usually in the metalimnion). Samples used for genetic analyses were refrigerated and analyzed within 48 h or were frozen at -708C for future analysis. Samples collected for enumeration were preserved in cold sugar-formalin (Prepas, 1978) and counted using a stereomicroscope.
We obtained rainbow trout stomachs from anglers for gut content analyses on eight dates between 1997 and 1999. Stomachs were dissected in the laboratory and the contents gently rinsed over a sieve (230 mm mesh) with distilled water. Individual Daphnia were then removed from the rinsed samples for immediate allozyme analysis or frozen for future analysis.
Allozyme analyses
Daphnia from each sample were assayed at the phosphoglucose isomerase (PGI) and phosphoglucomutase (PGM) allozyme loci using cellulose acetate electrophoresis and following the methods of Hebert and Beaton (Hebert and Beaton, 1989) . Two-locus electromorphs for these loci are referred to as clones, with the understanding that they may represent multiple clones with common genotypes at these markers. The taxonomic identity of D. pulicaria was determined in an earlier study of the Long Lake population (Ross et al., 1996) by assaying for electrophoretic variation at the lactose dehydrogenase (LDH) locus.
Statistical analyses
Observed genotype frequencies were compared to HW expectations using w 2 tests for goodness of fit. The lack of deviation from HW expectations implies that the population is comprised of individuals that recently emerged from sexually derived resting eggs. Contingency table w 2 tests were used to compare the clonal composition of different samples collected from the water column or from trout stomachs. To assess the significance of clonal habitat affinities, we used w 2 tests for homogeneity of proportions to compare clone frequencies between shallow and deep waters. To minimize type I errors, false discovery rate (FDR) control was employed (Garcia, 2003 (Garcia, , 2004 when multiple simultaneous tests for significance were performed. Statistical analyses were performed using SYSTAT 8.0 (Wilkinson, 1998) .
R E S U L T S Daphnia population dynamics and spatial distribution
Spring and autumn stocking of trout induced very different Daphnia dynamics (Fig. 1 ). Daphnia were sparse during the spring (<100 m -3 in May and early June) after autumn stocking, increased during the summer and were most abundant (6000 m -3 ) in autumn. Spring concentrations of Daphnia were substantially larger in 1998 and 1999 after the switch from autumn to spring stocking. Trout were stocked within a week after the April sampling dates in 1998 and 1999, but despite predation by the newly stocked trout, the Daphnia populations grew because of high per capita birth rates (Hembre and Megard, 2005) . In both years, Daphnia were most abundant (>10 000 m -3 ) in late spring (25 May 1998) or early summer (27 June 1999). Population density decreased during the summer and was lowest in October (<250 m -3
). With few exceptions (11 October 1996 , 21 September 1997 and 22 April 1998 , the population was distributed below the epilimnion during the day and at depths where oxygen concentrations were at least 2 mg L -1 (Hembre and Megard, 2005) .
Trout abundance
Trout were substantially more abundant during the open-water seasons of 1998-99 than in 1996-97. In 1996 and 1997, trout abundance ( Fig. 2) was moderate in early summer, but decreased to very low levels in the late summer and autumn (August-October). In 1998 and 1999, trout abundance was highest after stocking in late April and decreased to minimum levels in October. Trout population density was very low (<33 ha -1 ) on the three dates (11 October 1996, 21 September 1997 and 22 April 1998) when we observed Daphnia in surface waters during the day.
Daphnia genetics
We identified four alleles for the PGI locus [slow (S), medium (M), medium-fast (MF) and fast (F)] and two alleles for PGM [fast (F) and slow (S)]. For this level of allelic variation, 30 different two-locus electromorphs (clones) are possible and all were observed during this study period 1996-2000 (Table I ). Data from 1995 from a previous study of the same population (Hembre, 1996) identified only 10 of the 30 clones, with the vast majority (96%) of individuals belonging to just three clones. In 1996, 23 clones were found and clonal proportions were A similar pattern of genetic differentiation emerged each year. Usually, clonal proportions did not vary with respect to depth during the spring and early summer (Table II) , but as environmental stratification became more pronounced, there was usually significant differentiation of the population (Table III) . For significant w 2 tests of heterogeneity (after FDR correction), mean oxygen concentrations where the deep-water samples were collected (3.6 ± 1.5 mg L -1 ) were significantly (two-tailed t-test: t = 2.73, df = 18, P = 0.013) lower than those where the shallower water samples were collected (6.4 ± 3.0 mg L -1 ). In 1997, Daphnia were only found in deep water early in the year (Hembre and Megard, 2005) , so it was not possible to investigate habitat partitioning until August.
To investigate whether clones exhibited preferences for particular depths, the frequencies of individual clones in shallow and deep waters were compared (Tables IV  and V) . In 1996, clones 10 and 19 were proportionally Values in cells represent the mean percent abundance of each clone for a given year. Dashes indicate that the clone was not found, and 'r' indicates that the clone was rare (<1% of the individuals assayed). 1995 data are from Hembre (1996) . Clones with expected values <5 were pooled into a single category for analysis. For specific sampling depths, see Table II . Asterisks denote significant differences after controlling for false discovery rate at a = 0.05. 'D' indicates that the clone was proportionally more abundant in deep water; 'S' indicates that the clone was proportionally more abundant in shallow water; 'NS' indicates no significant difference in proportional abundance and dashes indicate that sample sizes were insufficient for a statistical comparison. Significance levels are indicated by asterisks: *P < 0.1, **P < 0.05 and ***P < 0.01. Boldface values indicate significance after controlling for false discovery rate at a = 0.05 
Selective predation by trout
Trout were selective predators of D. pulicaria at the population and subpopulation levels. A previous study showed that trout consumed D. pulicaria in much higher quantities than other zooplankton (Hembre and Megard, 2005) , and genetic analyses of Daphnia from trout stomachs also revealed a selective preference by trout for shallow-water clones. The clonal composition of Daphnia in trout stomachs was never significantly different from that of Daphnia in shallow water (Table VI) , but usually (six of eight tests) differed significantly from that of Daphnia in deep-water samples. For significant w 2 tests of heterogeneity (after FDR correction) in which the clonal composition from the trout stomach differed from that in the water column, mean oxygen concentrations were (3.7 ± 1.9 mg L -1 ) were significantly (twotailed t-test: t = 3.63, df = 14, P = 0.0027) lower than those where the clonal composition did not differ significantly between the net sample and the stomach contents (8.2 ± 2.7 mg L -1 ).
Evidence for emergence from egg bank
To evaluate whether the emergence of sexually produced individuals from resting eggs affected the genetic composition of the Daphnia population, genotype frequencies at the two allozyme loci were compared with HW equilibrium expectations. On most dates, genotype frequencies differed significantly from HW expectations ( Table VII) , indicating that clonal selection was the dominant control on the genetic composition of the population. Exceptions to this occurred in the early part of both autumn stocking years . The agreement with HW expectations observed in June 1996 and the striking increase in clonal richness in 1996 compared with 1995 ( Table I ) strongly suggest that the population had recently become established from ephippia. On subsequent dates in 1996, genotype frequencies differed significantly from HW expectations implying that the population was undergoing clonal selection. PGI and PGM genotype frequencies were also significantly different from HW The clonal composition of Daphnia in trout stomachs consistently differed from that of the deep-water samples but did not differ significantly from shallowwater samples. For specific sampling depths, see Table II . Asterisks denote significant differences after controlling for false discovery rate at a = 0.05.
expectations on the first sampling date in 1997 (17 May), but data from the next two sampling dates in 1997 (16 June and 7 July) indicate that the genetic composition of the water column population was again significantly affected by immigration from the egg bank (Table VII) .
D I S C U S S I O N
Environmental heterogeneity and the timing and intensity of trout predation combined to control the genetic composition of the Daphnia population in Long Lake during this study. In all years, the onset of hypoxia in deep water during summer stratification promoted habitat partitioning by clones within the population (Table III) . This finding is consistent with a previous study of Daphnia in Long Lake (Ross et al., 1996) that showed that seasonal changes in hypolimnetic oxygen concentrations correlated with shifts in clonal composition. Observations of habitat partitioning (Table III) and microhabitat specialization of clones (Tables IV and V) support the predictions of the frozen niche variation hypothesis (Vrijenhoek, 1984) . These results imply that clones show niche specialization and that increased habitat diversity promotes increased clonal coexistence. That is not to say, however, that clones are rigidly adapted to specific ecological conditions. Important adaptations such as the phototactic response of Daphnia to fish kairomones (De Meester and Cousyn, 1997 ) and tolerance of lowoxygen conditions afforded by the production of hemoglobin (Weider and Lampert, 1985) are known to be inducible and considerably plastic about their genetic value, and this is also likely to be true for Daphnia in Long Lake. The habitat partitioning observed during summer stratification is also consistent with the idea that fluctuating selection in space and time maintains diversity in populations reproducing parthenogenetically (Hebert and Crease, 1980) . However, our results With two exceptions (June 1996 and June-July 1997), genotype frequencies for both loci usually differed significantly from Hardy-Weinberg expectations. Asterisks denote significant differences after controlling for false discovery rate at a = 0.05.
imply that this mechanism will not likely maintain clonal diversity indefinitely. In the longer term (i.e. among several years), genetic diversity in facultatively parthenogenetic Daphnia populations is maintained by the emergence of ephippial eggs. Unlike a cyclically parthenogenetic population in a temporary habitat, the period of the cycles between clonal and sexual reproduction that we observed was not annual. Instead, the influx of genotypes from the egg bank depended on the population dynamics of the active population and the timing of ephippial emergence. Recruitment from the egg bank was significant only twice (Table VII) when population density was very low (Fig. 1) . Otherwise, clonal selection operated as the dominant evolutionary force (Table VII) . The first ephippial emergence event, in June 1996 (Table VII) , was followed by a clonal selection era that lasted until May 1997. During this period of clonal selection, genotype frequencies diverged from HW equilibrium (Table VII) , and clones segregated with respect to depth (Table III) . A second emergence event was detected in June-July of 1997. In June 1997, genotype frequencies at the PGI locus differed from HW expectations, but those for the PGM locus did not. However, by July, neither locus deviated from HW expectations (Table VII) . The incomplete agreement with HW expectations in June was likely due to an amalgamation of clones surviving from May, and new clones emerging from the sexually derived ephippia. HW agreement at both loci suggests that exephippial immigrants comprised the majority of the population by July 1997. After that time, no immigration from ephippia was detected, and a second clonal selection era occurred that was in progress at the end of the study (17 May 2000) .
A plot of clonal richness over a 5-year period (June 1995 -May 2000 reveals an arch-shaped pattern of clonal variation (Fig. 4) . Richness was low in 1995 (3-7 clones sampled on a given date) probably due to a long period of clonal selection. Immigration from the egg bank injected new clones to the population in 1996 and 1997 and increased richness (8-15 clones identified on each date). During the period of clonal selection that followed (Table VII) , richness declined. The low clonal richness observed in 1995 (Table I, Fig. 4 ) and the trend of decreasing richness (Fig. 4) after the ephippial emergence event in July 1997 indicate that diversity will decline unless new clones enter the active population from the egg bank.
Trout predation shaped the genetic composition of the Daphnia population during this study indirectly by enabling the establishment of immigrants from the egg bank and directly through selective predation on clones. Because rainbow trout are size-selective predators that feed almost exclusively on D. pulicaria in Long Lake, their abundance controls the population dynamics of D. pulicaria (Hembre and Megard, 2005) and thus indirectly determines whether new genotypes that emigrate from the egg bank will be demographically and evolutionarily relevant to the active population. In autumn stocking years (1996-97) when trout were abundant over the winter and into the early summer, Daphnia population density was low and immigration from the egg bank would likely have been significant demographically (Fig. 1) . Conformity with HW expectations in early summer of these years is strong evidence for ephippial emergence (Table VII) . In contrast, in spring stocking years (1998-99) when a large Daphnia population (Fig. 1) survived the winter and reached peak densities in early summer, immigration from the egg bank would not have had as large an impact on the size of the Daphnia population and ephippial immigrants would have been difficult to detect because their frequencies would likely have been swamped by those of resident clones (Table VII) . Also, ex-ephippial clones may be weaker competitors in these instances since clones that persist in the water column are likely to be better adapted to current conditions than clones 'immigrating from the past' (Templeton and Levin, 1979) from the egg bank. Our finding that predation positively affects clonal diversity by promoting the establishment of ephippial immigrants is consistent with the results of a study by Shurin (Shurin, 2001 ) that showed that predators cause an increase in zooplankton species diversity by facilitating the invasion of species from the regional species pool. Although our data imply that the timing and intensity of predation promoted the establishment of ex-ephippial clones in 1996 and 1997, it is important to note that other ecological factors (e.g. disease) could also cause a collapse of the active population and provide an opportunity for the establishment of immigrants from the egg bank if the population collapse occurs when environmental cues for hatching are present.
Genetic analysis of Daphnia from trout stomachs reveals the direct effects of trout predation. Consistent with the known habitat requirements of rainbow trout (temperature <218C and oxygen >5 mg L -1 ; Wang et al., 1996) and the fact that they are visual predators, the clonal composition of Daphnia consumed by trout usually differed significantly from that of the clonal assemblage in deep water (see Table II for specific depths) but did not differ significantly from that of the shallow-water samples (Table VI) . These results imply that the dark, hypoxic conditions of the deep water provided a refuge from trout predation for Daphnia. Predation acting on clones partitioned with respect to depth affected the clonal composition of the population. In the transition between autumn and spring stocking (August 1997 -April 1998 , when trout were least abundant, the frequency of a shallowwater clone (clone 19, Table V) increased (Fig. 3) . After spring stocking, when trout were abundant during the summer (Fig. 2) , Daphnia clones were selectively removed from metalimnetic water inhabited by trout (Table VI) . The frequency of the shallow-water clone decreased precipitously after spring stocking, and it was replaced by a deep-water clone (clone 17, Table V) as the most abundant clone in the population (Fig. 3) .
Microevolutionary fits and starts
The alternation between the importance of clonal selection during parthenogenetic reproduction and that of recruitment from sexually produced individuals after ephippial emergence events underscores the evolutionary complexity of facultative parthenogens. When individuals are reproducing parthenogenetically, selection can act to rapidly change the genetic composition of active populations. The mercurial rise of clone 19 (Fig. 3) , a shallow-water specialist, when trout predation was low (Fig. 2) , and the subsequent rapid replacement of this clone by a hypolimnetic specialist (clone 17), when trout predation was high (Fig. 2) , are a prime example of this.
Although microevolutionary changes during clonal selection may be rapid, it is unclear whether the 'winners' of clonal selection eras necessarily contribute significantly to the genetic composition of future generations. One reason for this is that ephippial recruitment events have the capacity to reset the evolutionary trajectory of active populations. The switch in the habitat affinity of clone 19 (Tables IV and V) from deep water during the first clonal selection era ( July 1996 -May 1997 to shallow water during the second clonal selection era (August 1997 -May 2000 is evidence for this. Considering that a new cohort of clones emerged from ephippia in June-July 1997 (Table VII) , it is likely that the electromorph identified as clone 19 (Table I ) during the second clonal selection era was of a different clonal lineage than the clone 19 from the first clonal selection era.
After prolonged parthenogenesis, clonal diversity becomes depleted (Fig. 4) , and a population may only consist of a few abundant clones (e.g. in 1995 and May 2000, Table I ). If sexual reproduction occurs during these circumstances, offspring of the dominant clones may have low fitness as a result of the disruption of stable gene complexes responsible for the success of the common clones and the unmasking of deleterious mutations due to inbreeding that is likely to occur in these lowdiversity populations (Lynch and Gabriel, 1983; De Meester, 1993b; De Meester and Vanoverbeke, 1999) . It is also possible that the risk of inbreeding when clonal diversity is low could deter individuals from mating. This could result in a feedback in which less sexual reproduction, and therefore less contribution to the egg bank, occurs as a clone becomes more 'successful' (i.e. increases in frequency) in the water column.
This study implies that zooplankton egg banks play an important role in the evolution and ecology of active populations. Until recently (Caceres, 1998; Hairston et al., 1999 Hairston et al., , 2000 Cousyn et al., 2001; Kerfoot and Weider, 2004) , however, few studies have directly investigated the links between these dormant egg pools and active populations. Greater understanding of this linkage will provide insight into processes that structure zooplankton communities and the evolutionary dynamics of populations.
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